I describe a simple class of α-attractors, generalizing the single-field GL model of inflation in supergravity. The new class of models is defined for 0 < α < ∼ 1, providing a good match to the present cosmological data. I also present a generalized version of these models which can describe not only inflation but also dark energy and supersymmetry breaking.
INTRODUCTION
First models of inflation in supergravity were based on the new inflationary scenario, assuming high temperature phase transitions with symmetry restoration. But these models did not quite work, and in 1983 the new inflation scenario was dethroned by chaotic inflation [1] .
The main idea of chaotic inflation was to consider various sufficiently flat potentials, either large-field or small-field, and check whether inflation may occur in some parts of the universe without assuming that it was in a state of thermal equilibrium and that initial state of the inflaton field should correspond to an extremum of the potential. For several years, this simple idea was rejected by many as a drastic deviation from the main principles of inflation, but gradually it became broadly accepted, and now practically all inflationary models are based on it.
The first model of chaotic inflation in supergravity was proposed in 1983-1984 [2] ; I will call it GL model hereafter. It was also the first model with the inflaton potential asymptotically approaching a plateau, V ∼ a − be −cφ . Later on, it was realized that the Starobinsky model [3] , after certain modifications, can be cast in a form with a similar plateau potential [4] .
Inflationary potentials in these models never reach Planckian values. It took many years to solve the problem of initial conditions there, see a discussion in [5] . These models attracted general attention only recently, because they were strongly favored by the WMAP and Planck data [6, 7] . Predictions of some of these models are stable with respect to even large changes of their potentials; such models are called cosmological attractors [8] [9] [10] [11] [12] [13] [14] . In particular, GL model belongs to the class of α-attractors [9] [10] [11] with α = 1/9 [15, 16] . These models have a unique set of predictions providing an excellent fit to the recent observational data for α < ∼ O(30):
GL model [2] has several different realizations. It can be represented as a theory with a canonical Kähler potential
and a superpotential [15] 
From the point of view of the theory of α-attractors, it is more appropriate to use logarithmic Kähler potentials, such as [11] ,
with α = 1/9. In this framework, the GL model has a very simple superpotential [16] 
The inflationary potential of this model, upon transformation to the canonically normalized inflaton field ϕ such that Re Z = tanh
, becomes
It has a minimum at ϕ = 0, where it vanishes. At ϕ > ∼ 1, the potential coincides with the plateau potential
up to exponentially small higher order corrections [2] .
This model is quite economical: It involves just a single chiral superfield. It is very difficult to construct such models, so most of the subsequently developed inflationary models in supergravity involved at least two different supermultiplets.
This situation changed only very recently, with invention of some interesting single superfield inflation models [9, 17, 18] , and especially with the development of models with nilpotent chiral superfields, which allow to have two superfields but only one complex scalar field [16, [19] [20] [21] [22] [23] [24] . There are several different ways to incorporate inflationary models with any value of α in the context of such theories, and simultaneously describe a non-zero cosmological constant and SUSY breaking [16, 22] .
In fact, even the original GL model, as well as the models of Ref. [17, 18] , require additional fields to describe SUSY breaking and the cosmological constant, but one can easily achieve it by adding a tiny superpotential M (S + 1/b) of a nilpotent field S to the original single-filed GL superpotential [15, 16] . Therefore it would be interesting to find other examples of single-field models of this type which could incorporate various values of α, not just α = 1/9, and to check whether one could generalize them in a similar way.
The first part of this challenging problem was recently solved by Roest and Scalisi [25] . The authors studied models with Kähler potentials [10] K = −3α log(T +T ) (1.8) and found a family of α-attractors with superpotentials
Here, following [25] , we ignored the normalization coefficient in front of W . Some generalizations of this superpotential are possible, such as
As pointed out in [25] , these models describe stable inflationary behavior at Im T = 0 for all sufficiently large α > 1, which is a significant achievement. However, the inflationary trajectory Im T = 0 in the models (1.9) and (1.10) is unstable for α ≤ 1, and therefore they represent inflationary α-attractors only for α > 1.
For example, one could try to develop a new implementation of the GL model with α = 1/9 in this context [25] , using the superpotential
However, whereas the potential of the inflaton field Re T in this model coincides with the GL inflaton potential, the inflationary trajectory Im T = 0 in this model is unstable, unlike the inflationary trajectory in the original GL model.
Fortunately, one can find stable generalizations of the GL model for all positive α in the models with canonical Kähler potentials (1.2) [25] . This is a very strong result, but the attractor nature of the models, which is related to the pole in the kinetic term of the inflaton field [13] , is manifest only in the models with logarithmic Kähler potentials such as (1.4) or (1.8).
Since we already have a family of α-attractors with with logarithmic Kähler potentials and nilpotent fields, covering the full range of α and containing only one dynamical scalar degree of freedom [16, [21] [22] [23] [24] , it would be interesting to know whether one can achieve a similar success in the theory with a single superfield.
In this short note we take a next step in this direction and present a complementary class of single-field inflationary α-attractors, which are stable for α < ∼ 1. We will also generalize these models to allow for a controllable level of supersymmetry breaking and vacuum energy.
The new α-attractors, which we introduce here, have the Kähler potential (1.4) and the superpotential
(1.12)
For α = 1/9 this theory exactly reproduces the GL model in its latest formulation with the simple superpotential W = µ 9 Z 2 (1 − Z 2 ) [16] . One can show that these models describe a stable inflationary trajectory with Im Z = 0 and lead to the usual α-attractor predictions (1.1) for all values of α in the range 0 < α < 0.989. (A possible exception involves very small α ≪ 1/9, where the inflaton field after inflation may overshoot the minimum at Z = 0.) Various generalizations of this model are possible, e.g. one can add a small quadratic term cZ 2 to (1 + 6 √ α Z) in (1.12); see also [16] .
SUSY breaking and dS uplifting in these models can be achieved following [15, 16] . One can introduce a nilpotent superfield S, which does not have any scalar degrees of freedom, and use the Kähler potential
The SUSY breaking superpotential can be taken as a sum of W (Z) (1.12) and a simple Polonyi-type superpotential of the nilpotent field S:
with M ≪ 1. The last term can be neglected during inflation, but it provides the required uplifting to a dS vacuum with a small cosmological constant. The minimum of the potential remains at ϕ = 0, supersymmetry is spontaneously broken at the minimum,
Vacuum energy generically is non-zero,
Note that V 0 is proportional to M 2 , so dS uplifting is possible only because supersymmetry is spontaneously broken [15, 16] . By tuning b ≈ √ 3 one can achieve any value of the cosmological constant, including the desirable value V 0 ∼ 10 −120 , along the lines of the string landscape scenario.
Thus in this new class of single-field α-attractors one can simultaneously describe inflation, dark energy/cosmological constant, and SUSY breaking of a controllable magnitude, for all α < ∼ 1. This complements the results of [25] describing single field α-attractors with a logarithmic Kähler potential which are stable for α > 1. It would be nice to find a similar mechanism of SUSY breaking and uplifting for α-attractors introduced in [25] , and to find a way to close the small gap between the two families of attractors by stabilizing both sets of models in the vicinity of α = 1.
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